Abstract: 1-(4-Chlorophenyl)-3-(4-methylbenzoyl)thiourea was synthesized and characterized by IR, 1 H and 13 C NMR, mass spectroscopy and the elemental analysis. The crystal structure was confirmed from single crystal X-ray diffraction data. It crystallizes in the monoclinic space group P2 1 /c with unit cell dimensions a = 12.038(3), b = 6.330(6), c = 18.912(5)Å and β = 100.32(3) • . There is a strong intramolecular hydrogen bond of the type N-H. . . O, with distance N1. . . O1 = 2.659(3)Å. The structure is composed of dimers related by inversion centers. The dimers are formed by intermolecular interactions of the type N-H. . . S with N. . . S separation of 3.440(2)Å. The mass fragmentation pattern has also been discussed.
Introduction
Substituted thioureas are an important class of compounds, precursors or intermediates towards the synthesis of a variety of heterocyclic systems such as imidazole-2-thiones [1] , 2-imino-1,3-thiazolines [2 ] , pyrimidine-2-thione [3] and (benzothiazolyl)-4-quinazolinones [4] . N-(substituted phenyl)-N-phenylthioureas have been developed as anion-binding site in a hydrogen-bonding receptor [5] , calix [4] arenes containing thioureas as neutral receptors towards α, α-dicarboxylate anions [6] and N-4-substitued-benzyl-N-ter-butylbenzyl thioureas as vanilloid receptors ligands and antagonists in rat DRG neurons [7] . Thioureas * E-mail: aamersaeed@yahoo.com are also known to exhibit a wide range of biological activities including antiviral, antibacterial, antifungal, antitubercular, antithyroidal, herbicidal and insecticidal activities [8] [9] [10] and as agrochemicals [11] . An example is of 1-benzoyl-3-(4,6-disubstituted-pyrimidine-2-yl)thioureas which have excellent herbicidal activity [13] . Some acyl thioureas have been found to possess pesticidal activities and promote plant growth [12] while some have been shown to have notable positive effect on the germination of maize seeds as well as on the chlorophyll contents in seedling leaves [14] . High stability and simple synthesis make it possible to use the N-benzoylthiourea group as modifier of silica for complexation gas chromatography. By taking advantage of the chelating properties of N-benzoylthiourea, Cu (II) ions were bonded with silica to give a packing π-type interaction with adsorbates having electron donor properties. The high selectivity of this packing permitted the separation of complex mixtures (including isomers) of different classes of organic compounds [15] . Thioureas are also well known chelating agents for transition metals [16] [17] [18] . N,N-Dialkyl-N'-benzoyl thioureas act as selective complexing agents for the enrichment of platinum metals even from strongly interfering matrixes [19] . The complexes of thiourea derivatives also show various biological activities [20] .
We became interested in the synthesis of N−aroyl,N ′ −arylthioureas as intermediates towards some new novel heterocycles and for the systematic study of their bioactive complexes. Hence, thioureas of o−, m− and p− tolyl chlorides with a variety of anilines were prepared for this purpose. In this article, we describe spectroscopy and single crystal X-ray structure of 1-(4-chlorophenyl)-3-(4-methylbenzoyl) thiourea considering it a typical representative of N−aroyl, N ′ −arylthioureas.
Results and discussion
Synthesis of 1-(4-chlorophenyl)-3-(4-methylbenzoyl) thiourea was carried out by slight modification of the published procedure [21] . Accordingly, 4-methylbenzoyl chloride was treated with an equimolar amount of potassium thiocyanate in acetone followed by addition of a similar amount of 4-chloroaniline in the same solvent. IR spectrum showed the stretching vibrations at 3351, 3200 cm −1 for free and associated NH, 1667 for carbonyl and at 1529, 1325, 1160 cm −1 for thioureido I, II and III respectively. In the 1 H NMR, the singlet for aromatic methyl appeared at δ 2.43, the doublets at δ 7.31-7.34 and 7.65-7.75 for each of the aromatic protons of 4-chlorophenyl and 4-methylbenzoyl rings while the characteristic broad singlets for protons of N 1 and N 3 at δ 9.04 and 12.64, respectively. 13 C NMR showed peaks at δ 23.9 for aromatic methyl and those at 170.3, 179.4 for C=O and C=S, respectively. Mass spectrum of the compound showed the molecular ion peaks at m/z 304 and 306. The major fragment at m/z 168.9 (50 %) was derived from the N-McLafferty rearrangement and the base peak at m/z 119 originated from the aroyl cation (Scheme 1).
The molecular structure of the title compound is depicted in Figure 1 . Table 1 gives the crystal data and structure refinement; final atomic coordinates and equivalent isotropic displacement parameters appear in Table 2 ; bond lengths and angles are presented in Table 3 and hydrogen bonds in Table 4 .
The C1-S1 and C8-O1 bonds show a typical double-bond character with bond lengths of 1.667(3) and 1.227(3)Å, respectively. All of the C-N bonds, C1-N1 = 1.333(3)Å, C1-N2 = 1.395(3)Å, C8-N2 = 1.378(3)Å, and C2-N1 = 1.426(3)Å also indicate a partial double-bond character. The C1-N2 bond due to its vicinity to the carbonyl group is slightly shorter as compared to the C2-N1 bond [22, 23] . These bond distances are in agreement with the corresponding distances observed in a handful of structures containing N-benzoyl-N'-phenyl thiourea moiety reported in the Cambridge Structural Database [24] , with reference codes AMEBOJ, ERENUK, GACXEN10, GUWFIN, HOFHEP, HOFHIT, HURYAU, PUYWIP, UKOQUG, WIRSEV, WIRZAY, XEQDAY and YOWTUZ.
There is a strong intramolecular hydrogen bond of the type N-H . . . O, with distances H1. . . O1 = 1.94 and N1. . . O1 = 2.659(3)Å that results in a 6-membered ring. Weak intramolecular C7-H7 . . . S1 interaction forming an S(6) ring stabilizes the molecular geometry therefore, the angle of the thiourea moiety to the chlorophenyl ring of the title compound. The structure is stabilized further by an intermolecular hydrogen bonding of the type N-H . . . S with distances H2. . . S1 = 2.71 and N2 . . . S1 = 3.440(2)Å thus forming an 8-membered ring with S1, C1, N2 and H2 atoms of the molecule resulting in a dimer (Figure 2 ) related by an inversion center. The six-and eight-membered rings can be described in the graph-set notation as S(6) and homodromic R 2 2 (8), respectively [25] . The methyl-thiourea moiety (S1, O1, N1, N2, C1, C8) is more or less planar with S1 and N2 lying 0.0329(11) and 0.037(2)Å below and above, respectively, from the mean-plane. As expected, the phenyl ring bonded to N1 is essentially planar and is inclined at an angle 9.41 (14) • with respect to the plane of thiourea moiety. Similarly, the phenyl ring bonded to C8 is at an angle of 22.12 (13) • with respect to the plane formed by the thiourea moiety. The torsion angles of -3.8(4) degree for C8-N2-C1-N1 and 175.9(2) degree for the non-bonding O1-C8-C1-S1 also support this molecular geometry. The conformations of the molecules in the reference codes quoted above vary greatly and are governed by the substituents present in the structures.
Conclusions
1-(4-Chlorophenyl)-3-(4-methylbenzoyl)thiourea was synthesized and characterized by spectroscopic methods and the single crystal X-ray data. The N1-H1. . . O1 and C7-H7. . . S1 intramolecular hydrogen bonds forms 6-membered rings and the conformation of the molecule with respect to the thiocarbonyl and carbonyl moieties is slightly twisted. The crystal packing shows that the structure is composed of dimers that are formed by interaction between molecules related by inversion centers. 
Experimental
Melting points were recorded using a MEL TEMP MP-D apparatus and are uncorrected. 1 H NMR and the 13 C NMR spectra were determined as DMSO-d 6 solutions at 400 MHz (Bruker AM-400) and 100 MHz (Bruker AM-100) machines respectively. FT-IR spectra were recorded on an FTS 3000 MX spectrophotometer; Mass Spectra (EI, 70 eV) on a MAT 312 instrument and elemental analyses were conducted using the CHN-Rapid Heräus.
Synthesis of 1-(4-Chlorophenyl)-3-(4-methylbenzoyl)thiourea
A solution of 4-methylbenzoyl chloride (1.75 g, 0.01 mol) in acetone (50 ml) was added dropwise to a suspension of potassium thiocyanate (0.97 g, 0.01 mol) in acetone (30 ml) and the reaction mixture was refluxed for 30 min. After cooling to room temperature, a solution of 4-chloroaniline (1.28 g, 0.01 mol) in acetone (10 ml) was added and the resulting mixture refluxed for 1 h. The reaction mixture was poured into five times its volume of cold water when the thiourea precipitated as a solid. The product was recrystallized from ethanol as colorless crystals (2.67 
Single crystal X-ray crystallography
A colorless prismatic crystal of C 15 H 13 ClN 2 OS was coated with Paratone 8277 oil (Exxon) and mounted on a glass fiber. All measurements were made on a Nonius KappaCCD diffractometer with graphite monochromated Mo-Kα radiation. Cell constants obtained from the refinement [26] of 11772 reflections in the range 3.7 < θ < 27.5
• corresponded to a primitive monoclinic cell; details of crystal data and structure refinement have been provided in Table 1 . The data were collected [27] at a temperature of 173(2) K using ω and ϕ scans to a maximum θ value of 27.5
• . The data were corrected for Lorentz and polarization effects and for absorption using multi-scan method [26] . Since the crystal did not show any sign of decay during data collection a decay correction was deemed unnecessary.
The structure was solved by the direct methods [28] and expanded using Fourier techniques [29] . The non-hydrogen atoms were refined anisotropically. H-atoms were included at geometrically idealized positions and were not refined; H-atoms bonded to C15 were disordered over six sites with equal site occupancy factors. The final cycle of full-matrix least-squares refinement using SHELXL97 [30] converged with un weighted and weighted agreement factors, R = 0.047 and wR = 0.127 (all data), respectively, and goodness of fit, S = 0.98. The weighting scheme was based on counting statistics and the final difference map had no chemically significant features. The figures were plotted with the aid of ORTEPII [31] .
Supplementary material
Crystallographic data for the structure reported in this paper is available from the (2) 9746(4) 732 (1) 32(1) C11 9039(2) 11484(4) 1155 (1) 33(1) C12 8602(2) 11935(4) 1771 (1) 33(1) C 13 7785 (2) 10587(4) 1949 (1) 36(1) C14 7412(2) 8835 (4) 1529 (1) 34(1) C15 9013(3) 13817 (4) 2226(1) 45 (1) U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 
